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(57) Abstract 

The invention relates to a method for enriching and examining microbiological samples, in which method microbes are brought into 
a syringe (1) or equivalent. In a method according to the invention the enrichment culture of microbes is accomplished inside a syringe (1) 
or equivalent. An apparatus according to the invention comprises a syringe (1) or equivalent and into the syringe or the plunger (3) of the 
syringe a lead-through is manufactured in order to conduct gas or gas mixture to or from the syringe. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 1 


ES 


Spam 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte dlvoire" 


KP 


" Democratic People's - 


NZ " 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







f 

WO 99/23243 



PCT/FI98/00854 



METHOD AND APPARATUS FOR CONCENTRATING AND SEARCHING 
OF MICROBIOLOGICAL SPECIMENS 

The invention relates to a method for enriching and examining microbiological 
5 samples > in which method microbes are brought into a syringe or equivalent. The 
invention also relates to an apparatus for applying the method, the apparatus 
consisting of a syringe or equivalent 

Collecting microbiological sweep samples is an important part of hygiene control in 
10 industrial establishments, hospitals, laboratories and other places where the hygiene 
of the establishment, apparatuses and equipment is an absolute operational 
prerequisite. Sweep samples may also be collected from e.g. human skin or mucous 
membrane for clinical diagnostics. 

15 Usually a microbiological sweep sample or a picked sample is suspended from 
sampling means into a buffer solution or any other appropriate solution, where it may 
be further examined and handled. In this case a usual method for acquiring additional 
information on possible microbes adhered to the sampling means is so-called 
subculture. This is usually accomplished by transferring the microbial suspension to 

20 be examined to a liquid culture substrate or to a solid culture substrate (e.g. a Petri 
dish). Thereafter the microbes in the culture substrate are incubated for at least some 
hours, but usually for one or more days, even weeks. During this incubation phase, the 
microbe to be examined is enriched to such a content that it is possible to indicate it 
by the indication method in use: A limiting factor for the growth of aerobic organisms 

25 during incubation may be for example oxygen. On the other hand, appropriate gases 
can be used in the incubation of aerobic microbes to achieve and maintain an 
adequately anaerobic environment. The so-called microaerophilic bacteria (e.g. 
Campylobacter sp.) need small oxygen contents. Also changing contents of gases 
may, if necessary, be conveyed to the enrichment space. 

30 

In some situations rapid completion of a microbiological analysis is crucially 
important e.g. for the success of a patient's treatment, in choosing cleansing measures 
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in hygiene control, in industrial quality control etc. Many factors have further 
increased the threat caused by microbes (hospital infections, new human and animal 
pathogenes, previously unknown industrial microbe contaminants, environmental 
microbiological pollution etc.). In order to be able to respond to these challenges 
5 adequately effectively, so-called rapid diagnostic methods are needed for indicating 
and identifying microbes. 

The method according to international patent application PCT/F195/00398 is aiming 
to collect microbiological sweep samples for further examination as easily as possible 

10 and in the case of handling pathogenic microbes as safely as possible. The above is 
achieved with the syringe of the invention (volume e.g. 10-50 ml) which is 
characterized in that the surface facing away from the plunger rod comprises an 
adhering substrate for microbes. The adhering substrate on the surface of the plunger 
may be e.g. cotton, velvet or a similar porous corresponding material that has been 

15 sterilized together with the syringe or separately (e.g. an autoclave or by radiating). 
Biomolecules (e.g. antibodies) that improve the adhesion of certain microbes may 
also, if necesssary, be aseptically immobilized to the adhering substrate surface. By 
using the syringe and its plunger with adhering substrate surface, one avoids extra 
handling of microbe-containing liquids by use of a pipette, which increases safety 

20 when working with infectious microbes: The sample is transferred from the syringe 
onto a separate culture substrate where it is grown in a usual way. The sample may 
also be collected into the syringe in a usual way by sucking liquid into the syringe. In 
this way for example a blood sample is usually accomplished. A liquid sample may 
naturally be collected directly into the syringe without an injection needle or by use of 

25 a specially manufactured longer tip or a tube or similar. 

The object of the present invention is to provide a method and an apparatus with 
which the work of further analysing microbiological samples is speeded up, which 
leads to fast and reliable indication, idenfication, enrichment etc. 

30 

The objects of the invention are achieved by the method and apparatus, which are 
characterized by what is presented in the patent claim. 
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The method of the invention is characterized in that the enrichment or other growth of 
microbes is performed inside the syringe or equivalent This enrichment takes place 
in adjusted conditions and the conditions may easily be changed during the 

5 enrichment This makes possible e.g. a safe further inoculation in a desired growth 
phase, because the growth in the syringe is easy to follow for example visually or 
using a colour indicator. The use of the syringe and its measure scale make it possible 
to accomplish microbiological dilution series conveniently. For example a so-called 
-1 dilution is accomplished by taking a ninefold volume of the dilution solution into 

10 the syringe per one sample volume. The syringe is then shaken and 9 volumes, which 
can be used as a sample in further analysis, are removed, and another 9 volumes of 
dilution solution are added, which gives a so-called -2 dilution and so on. 

It is possible to change the existing conditions in the syringe for example by 
15 temperature, pH and gases conducted to the substrate. It is advantageous to use a 
bubbly gasflow to the substrate, in which flow the composition of the gases may be 
adjusted, and which also may be used to adjust the temperature and the pH. At the 
same time the culture is mixed, which improves the even spreading of nutrients into 
the substrate. It is also easy to add into the syringe, if necessary, more substrate, 
20 nutrients, selective factors and other substances in liquid form. 

During incubation of aerobic microbes, the diffusion of oxygen is increased by the 
gas-flow conducted to the syringe, which is important in order to achieve the best 
possible growth speed as the availability of oxygen is usually the so-called restricting 

25 factor in aerobic microbe incubation. Apart from oxygen, also gases like nitrogen and 
carbon dioxide may be conducted to the substrate. With the help of these, e.g. 
anaerobic or microaerophilic conditions can be achieved in accordance with the type 
of microbes needing incubation and enrichment. The partial pressures of different 
gases can be used as selective factors. Gases Jed to the substrate may also be used as 

30 carrier gases, which make it possible to transfer to the substrate as aerosols, in a 
vaporous form or by corresponding means substances that control the culture 
conditions or the actual cultivation or even inoculate the medium or the culture. To 



WO 99/23243 



4 



PCT/F198/00854 



accomplish this, before being transferred to the syringe, the gas may be led through a 
liquid or a suspension containing the component that is to be added 

From a rapid microbial detection point of view it is crucial that an adequate microbial 
5 concentration needed for reliable detection is achieved as quickly as possible. It is 
possible to achieve this object by using the method according to the invention e.g. for 
the purpose of carrying out immunological detections. Possible microbial detections, 
in which the method according to the invention may be used are e.g. hygiene control 
of interior surfaces, tools and any other surfaces, mould determination from any 
10 surfaces, hygiene control of carcases (e.g. Salmonella detection) and many other 
microbiological sweep sample and liquid sample detections that are required in 
industrial establishments, health care and environmental analytics. 

When exploiting the method according to the invention in using the syringe used as 
15 sampling means for microbe enrichment, in an economical application, an appropriate 
selective nutrient medium to enrich the microbe may be used as growth medium 
immediately after sampling. Thus the enrichment may begin safely immediately after 
the sampling without delays caused by inoculation or transfer of the sample. This is a 
benefit as microbes with cells in resting state have a lag-phase before bacterial 
20 growth. E.g. the lag-phase for Staphylococcus aureus bacteria lasts for approximately 
1,5 hours. 

In hospitals and other equivalent establishments the occurance of antibiotic resistant 
microbial strains may be determined from interior surfaces and apparatuses, and from 

25 human skin and mucous membranes. Blood samples and any other liquid samples 
may be examined in a similar way. These may be patient samples or other liquid 
samples used in hospitals that require microbiological quality examination. During 
the enrichment, required antibiotics may be added to the medium. Advantages of the 
method are in this and many other cases besides the simple and straightforward 

30 procedure and material savings also security as the transfer of hazardous microbes in 
laboratories is minimized. 
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In an economical application of the invention, the temperature, pH and/or other 
conditions of the culture substrate are adjusted by gas or gas mixture that is conducted 
to the substrate within the syringe. The gas is conducted into the syringe in a 
commonly known way. As the temperature during the culture may be adjusted by the 
5 gas flow, incubation chambers or equivalent aparatuses are not necessarily needed 
during the culture. To heat or cool the syringe specific heating or cooling blocks e.g. 
Peltier elements may be used. 

If necessary, exhaust gases may be conducted from the enrichment space of the 
10 syringe by a tube via sterilization (e.g. a filter). 

In one application of the invention the syringe is placed in a holder tip upwards during 
enrichment. Alternatively the syringe may be placed in a holder also tip downwards if 
gas is led to the enrichment space through the tip. 

15 ■ * . 

In an economical application of the invention, the growth solution and sample are 
transferred for further examination with the same syringe where the culture is done. 
Samples may be transferred in the syringe if necessary, and for this purpose the tip 
may be manufactured to be closed with a lid, a valve or with any other closing device. 

20 Since in enrichment or in other further treatments of samples complicated apparatuses 
and work phases are not needed, it may be accomplished e.g. in industrial 
establishments beside the production line under control. Results are gained faster as 
there is no need for transferring or storing the sample. Also safety risks in regard to 
transfer and storage are decreased 

25 

The apparatus in accordance with the invention is characterized in, that there is a 
lead-through or a conduit into the syringe or into the syringe plunger for conducting 
gas or gas mixture into the syringe. If the rod of the plunger of the syringe is 

manufactured with a conduit or several conduits in the rod for conducting gas, the 

30 culture substrate may be aerated or required gases may be conducted to it in order to 
enhance during incubation the enrichment of aerobic microbes on one hand and 
anaerobic on the other hand. This gas may originate from a compressed gas bottle. 
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Gas may be conducted into the syringe also directly through the plunger e.g. by 
piercing it with an injection needle to which the gas bottle is connected by a tube or a 
conduit An alternative is to conduct the gas into the syringe through a lead-through or 
a conduit elsewhere in the syringe. The composition of the gas may be altered during 
5 the culture e.g. in accordance with the growth phase of the microbe that is being 
enriched. The gas may be conducted into the syringe through a sterile filter to ensure 
aseptic conditions. Correspondingly exhaust gas through the tip may be filtered by use 
of a sterile filter. The tip of the syringe may also be closed for transportation or any 
other reason with a cap, a lid or a valve. 

10 

Alternatively gas may be conducted into the syringe through the tip, in which case 
another route must be used for exhaust gas, e.g. using a lead-through with a valve or 
equivalent or through the plunger or the air holes in it with the help of excess 
pressure. The lead-through may in this case be done using an injection needle through 
15 the plunger or the wall of the syringe. 

The apparatus according to the invention comprises of a syringe with an economically 
transparent wall or window frame. Thus it is possible to accomplish microbial growth 
determination optically or visually e.g. through the wall of the syringe. Thus it is 
20 naturally possible to add e.g. indicator colour solution to the growth medium e.g. to 
indicate the change of pH, which indicates the change of microbial metabolism in the 
growth medium. < 

In the following the invention will be described in detail with reference to the 
25 accompanying drawings, in which 

FIG.l shows a side view of an application of the apparatus to apply the method 
characterized in the invention, and 

FIG. 2 shows a side view of another way for conducting gas into the syringe via a 
lead-through. 

30 

The apparatus shown in FIG 1 comprises of one or more syringes 1, containing 
microbiological culture media, which are placed in a holder 2, tip upwards, one or 
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more compressed bottles 4, for storing gases or mixtures of gases, a heating/cooling 
jacket 5, for incoming gases, wherein the temperature of the gas is adjusted by known 
means. There is a lead-through in the plunger 3, of the syringe, and to it is connected 
a conduit 7, through which gas or gas mixture is conducted from a compressed bottle 
5 into the syringe. The conduit 7, comprises one or more control valves 1 1, to adjust 
incoming gas. Additionally the apparatus comprises of a sterile filter 8, which is 
placed in the incoming conduit in order to sterilize incoming gas. Exhaust gas is 
sterilized using another sterile filter 9, which is connected to the tip of the syringe. 

10 In an application as shown in FIG. 2, gas is conducted through the plunger 3, using a 
separate injection needle 6, or an equivalent The injection needle comprises a 
conduct, such as a tube 7, or a pipe, that is connected to a compressed bottle as 
described above. 

15 In the following, the method will be described by working phases while collecting 
samples: 

Microbes are adhered to the adhering substrate, which is either moistened (water, 
buffer solution) or dry and attached to the surface of the plunger 3, by sweeping the 
20 examined surface to and fro with this plunger surface. Thereafter the plunger 3, is 
placed in an empty syringe 1, receiver and air is pushed out through an opening in the 
tip of the receiver. Alternatively a sample may be collected into a syringe by sucking 
liquid into the syringe by normal means. The sampling should be carried out in a way 
that it well represents the studied object and that the sampled area is large enough. 

25 

Thereafter the receiver is filled by suction with a required volume of liquid (e.g. 
buffer solution, water or culture solution) and thereafter with some air in order to help 
with the mixing procedure. The apparatus is thereafter swung and shaken as a test 
— tube to ensure microbial detachment into the liquid solution. 

30 

In the case that culture solution is used as a solution, the syringe may be left upside 
down and placed in a holder 2, in a growth temperature that is appropriate for the 
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enrichment of the microbe intended to be indicated. In the case that gas is conducted 
by alternative means through the tip of the syringe, the syringe is naturally not left 
upside down for enrichment. The culture solution may also be added into the syringe 
after the microbe has first been suspended into another solution. The adjustment of 
5 temperature (or pH or any equivalent parameter) may be done by means of gas 
conducted through a lead-through in the plunger of the syringe. Buffered salt solution, 
extract solution (e.g. diluted acid or base solution), detergent solution or any 
equivalent solution may be used for suspending. 

10 Suspension may be used for inoculation or it may be transferred either directly or 
after cultivation to the culture medium or to any other further examinations. In this 
case e.g. microbe identification may de done using ordinary biochemical, 
immunological or genetic methods. In enriching the microbe to be detected and its 
antigen, it is possible to exploit e.g. a method characterized in Finnish Patent 93742. 

15 

Although the invention is described herein with reference to applications it will be 
appreciated that the invention may be realized in a variety of ways within the scope of 
the inventive idea and the appended claims. 

20 



25 



30 
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CLAIMS 

5 1 . Method for enriching and examining microbiological samples, in which method 
microbes are brought into a syringe (1) or equivalent, characterized in, that 
the enrichment of microbes is accomplished inside a syringe (1) or equivalent 

2. Method according to claim 1, characterized in, that a culture substrate 
10 placed inside a syringe or equivalent is chosen so that it is selective to required 

microbes. 

3. Method according to claim 1 or 2, characterized in, that the culture 
substrate's temperature, pH, partial pressures of gases and/or diffusions or nutrient 

1 5 concentrations and/or diffusions or other conditions are controlled by means of gas or 
gas mixture conducted to the substrate within the syringe. 

4. Method according to one or several of the claims lto3, characterized in, 
that a sample containing microbes is collected into the syringe prior to addition of 

20 growth medium. 

5. Method according to one or several of the claims 1 to 4, characterized in, 
that a syringe is placed tip upwards in a holder (2) for the enrichment period 

25 6. Method according to one or several of the claims lto4, characterized in, 
that a syringe is placed tip downwards in a holder for the enrichment period and in 
that gas is conducted into the syringe through the tip. 

7. Method according to one or several of the claims 1 to 6, c h a r a c t e r i z e d in, 

30 that a culture solution is transferred for further examination using the same syringe 
where the culture was accomplished. 
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8. Method according to one or several of the claims 1 to 7, characterized in, 
that dilutions according to microbiological dilution series may be accomplished in the 
syringe prior to further inoculations. 

5 9. Apparatus for applying the method according to one or several of the claims 1 to 8, 
the apparatus comprising a syringe (1) or equivalent, characterized in, that a 
lead-through is manufactured in the syringe or the plunger (3) of the syringe, in order 
to conduct gas or gas mixture in or out of the syringe. 

10 10. Apparatus according to claim 9, characterized in, that the apparatus 
comprises one or more compressed bottles (4) in order to conduct gas or gas mixture 
from the bottles into the syringe. 

1 1. Apparatus according to claims 9 and/or 10, characterized in, that the 
15 apparatus comprises a heating/cooling jacket (5), in which the temperature of gas is 

adjusted as required prior to conducting it to the syringe. 

12. Apparatus according to claim 9, characterized in, that into a syringe or a 
plunger (3) of the syringe an injection needle (6) or equivalent is used to produce a 

20 lead-through. 



13. Apparatus according to claim 12, characterized in, that a tube (7) or a 
pipe is attached to the injection needle in order to conduct gas in or out of the syringe. 

25 14. Apparatus according to one or several of the claims 9tol3, characterized 
in, that the apparatus comprises a lid, cap or a valve to close the tip of the syringe. 

15. Apparatus according to one or several of the claims 9 to 13, characterized 
in, that the apparatus comprises a transparent wall or a window frame in order to 
30 monitor the growth of the microbial culture. 



WO 99/23243 1 1 PCI7FI98/00854 

16. Apparatus according to one or several of the claims 9 to 13, characterized 
in, that the apparatus comprises one or more sterile filters (8,9) in order to conduct 
incoming and/or exhaust gas or gas mixture through a sterile filter. 
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